Thank you for the submission of your manuscript to EMBO Molecular Medicine. We are sorry for the delay in getting back to you with the Reviewers' evaluation on your work. Unfortunately, we experienced difficulties in securing three appropriate Reviewers and then obtaining their evaluations in a timely manner. We have now heard back from the three Reviewers whom we asked to evaluate your manuscript.
You will see that all three are generally supportive of you work but raise significant issues that question the conclusiveness of the results thus preventing us from considering publication at this time. I will not dwell into much detail, as the evaluations are detailed and self-explanatory. I would like, however, to highlight a few main points.
Reviewer 1 has two main areas of concern. On one side s/he points to lack of sufficient mechanistic insight with respect to how MKL1/2 knockdown leads to Ras/Erk activation, and would like to know whether DLC1 knockdown renders the cells responsive to the effects of MKL1/2 knockdown and if the regression of xenografts is associated with tumour senescence. The latter two are important points that need to be clarified experimentally. As for the first, I would simply encourage developing the study as far as realistically possible to strengthen your findings. The second, fundamental point raised by Reviewer 1 pertains to the need of an appropriate animal model of hepatocellular carcinoma (HCC) to reach meaningful conclusions. This is an important aspect for EMBO Molecular Medicine and thus I strongly suggest that you take advantage of the many existing mouse models of HCC to strengthen the clinical (and overall) impact of your findings. Reviewer 1 notes additional issues that require your action.
As you know, EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are published by others during review or revision are not a criterion for rejection. However, I do ask you to get in touch with us after three months if you have not completed your revision, to update us on the status. Please also contact us as soon as possible if similar work is published elsewhere.
I look forward to seeing a revised form of your manuscript as soon as possible. ***** Reviewer's comments ***** Referee #1 (Remarks):
Hampl et al. describe the interesting finding that two established HCC cell lines (HuH6 and HuH7), carrying deletion of the DLC1 gene, display (i) elevated activity of Rho (previous paper by the authors), (ii) impaired proliferation upon knock-down of MKL1/2, (iii) elevated activation of Ras/Erk upon knock-down of MKL1/2, (iv) elevated senescence upon knock-down of MKL1/2, and (v) impaired HuH7 tumor xenografting efficiency upon in vivo MKL1/2 knock-down. Two different HCC cell lines (HepG2, HLF), which have wt DLC1, do not show the above effects. The important suggestion is derived that DLC1-negative cancers might be treated successfully by strategies involving downregulation of MKL1/2.
The experiments are performed competently and the generated results are convincing.
The criticism of this reviewer concerns two major areas, which should be improved and strengthened before the manuscript can be considered worthy for EMM.
A. The manuscript lacks functional insight and leaves open important questions:
• How does MKL1/2 knockdown cause activation of Ras/Erk? • Does knockdown of DLC1 expression in HepG2 cells render these cells responsive to MKL1/2 knockdown effects? How much of the observed effects are a consequence of established cell lines having accumulated other functional characteristics.
• Is regression of xenografts associated with senescence in the tumors of the animals? B. Overinterpretation of the xenograft studies. Subcutaneous tumor xenografts are not HCCs! The last sentence of the Results section exemplifies this misconception and is extremely misleading: 'Moreover, MKL1 knockdown alone is sufficient to abrogate HCC tumor growth ......'. To reach more meaningful conclusions, a better animal model should be employed, which reflects the biology of HCC.
Minor points:
• Introduction: '.....however, the functional role of MKL1/2 in tumors has not been studied......'. This statement completely neglects to observations of MKL fusion proteins being causative to some leukemia formation.
Results:
• Figure 1A : There is some residual DLC1 signal in lane 1 (HuH7). Is this an artifact of this gel or is there some true DLC1 expression?
Materials and Methods • The origin (supplier) and specificities of the anti-MKL1 and anti-MKL2 antibodies are not revealed.
Referee #2 (Comments on Novelty/Model System): -Technical quality : incomplete for senescence analysis -novelty : high but the conclusion "OIS induction" is only patially supported by the data -adequacy of the model system: the in vitro and in vivo cellular systems are adequate to look at MLK1/2 depletion effects in hepatocellular carcinoma Referee #2 (Remarks):
In this study, the authors were interested in studying the effects of abolishing MKL1/2 over hepatocellular carcinoma growth. They observed that depletion of MKL1/2 provokes proliferation arrest in hepatocellular carcinoma cells with DLC1 loss. They next involved RhoA activity and subsequent oncogene-induced senescence (OIS) in MKL1/2 depletion effects and they next displayed some data showing the therapeutic effect of MKL1/2 knockdown in vivo. The authors conclude that MKL1/2 depletion, in a context of DLC1 depleted cells, blocks hepatocellular carcinoma growth through OIS induction.
Major points: Whereas the effects of MKL1/2 knockdown in inhibiting cancer cell growth in vitro and in vivo are well demonstrated, the detection of OIS is not performed adequately. SAbGal assay absence is sufficient to conclude that there is no senescence but its presence is not sufficient to conclude that there is senescence. Other senescence markers are required such as components of the senescence associated secretome (IL8...) and/or DNA damage or its signalling induction. This is required in Figure 4 to conclude that MLK1/2 KD cells are in senescence. For the in vivo experiments (Figure 6 ), the number of SAbGal positive cell is of 2% in the ctrl vs 4% siMKL1. This differential is too low to conclude that there is an increased SAbGal activity that might explain the phenotype, in addition this requires other(s) senescence markers.
Other points: -Figure 2: nuclear counterstaining is required to conclude about MKL1 localization.
- Figure 4 : Ras and its downstream targets activation (Raf, Mek...) are well known inducers of OIS in "normal" primary cells. Its ability to induce OIS in cancer cells is not the rule and is even probably the exception. It will be nice to show that constitutive expression of an active Ras or/and downstream effecters (Raf or Mek) are able to induce OIS in HuH6 and 7 cells. Efficiency of UO126 treatment should be checked by performing immunoblot against phospho-ERK in MKL1/2 KD cells. Involvement of p16 should also be check by performing its knockdown in MLK1/2 KD cells.
- Figure 5 : to claim that adding DLC1 in DLC1-negative cells induces senescence, the authors should check that the cells stop to proliferate by performing growth curves experiments and display at least one other senescence markers. HuH7DLC1 without dox cells should also be compared to HuHDLC1 cells with dox and not only with HuH7.
- Figure 6 : tumor volume (6C) include various conditions (siMKL1/2, siMKL1+2, siMKL1) but the experiments around of validation of the tools or analysis were not performed with the 3 conditions. The rationale for this is difficult to understand. Fig 6C, siMKL1 display a better efficiency to inhibit tumor growth than siMKL1/2 or siMKL1+2, the author should comment and discuss this result and this might mean that for the all in vitro experiments inhibiting MKL1 and 2 was useless and the experiments should have been performed only with MKL1 KD.
Referee #3 (Comments on Novelty/Model System):
One of the main novel findings is that tumors, formed in mice that were xenografted with a HCC cell line in which DLC1 has been deleted, regress after systemic delivery of siRNA's that target MKL1. This is cool. But, they do not use a control cell line that doesn't have mutant DLC1. The best control would be the HCC line that does not have a DLC1 mutation, but into which they put a DLC1 mutation as in Figure 2 . After DLC1 is mutated, then this cell line also is inhibted by MKL1 siRNA. This control -or another nonresponsive cell line control would enrich the model. In this manuscript, the authors focus on the role of the MRTF family (MKL1 and MKL2) of cotranscriptional activators in DLC1-deficient hepatocellular carcinoma (HCC), particularly with regards to tumor growth. DLC1 is a tumor suppressor with RhoGAP activity. A previous publication (Oncogene 2012) from this group demonstrated that MKL1/2 signaling is required to promote transformation in DLC1-deficient HCC, potentially via the constitutive nuclear localization of these factors downstream of enhanced RhoA activity. In this previous paper, they showed that MKL1/2 were required for cell proliferation upon depletion of DLC1 in HuH7 cells and MDA-MB cells. In addition, they showed that RhoA activation inhibited ERK1 activation, thereby preventing MKL1 inactivation by phosphorylation.
In the submitted manuscript, the investigators confirm that knockdown of MKL1/2 in DLC1-deficient HCC cell lines impairs cell proliferation, but has no effect on growth of DLC1-positive HCC cells, suggesting that DLC1 expression status is important in predicting tumor dependence on MKL1/2. Again, they show that this effect on proliferation is dependent on active RhoA. Expression of constitutively active RhoA with MKL1/2 knockdown in a DLC1-positive cell line mimicked the growth inhibition of DLC1-deficient cells with MKL1/2 knockdown. What was new in this manuscript was that the authors determined that the growth inhibition was not via apoptosis, but via cell cycle arrest and senescence. MKL1/2 knockdown in DLC1-deficient cells increased Ras activation, ERK1/2 phosphorylation, p16 expression, and hypo-phosphorylation of Rb. Together with observed morphological changes, the authors concluded that there was evidence of oncogeneinduced senescence, with growth arrest via Ras/ERK signaling. Consistent with this, enforced expression of DLC1 in a DLC1-deficient cell line also promoted senescence and G1 arrest, suggesting that DLC1 restoration could mimic MKL1/2 knockdown. Given these observations, the authors hypothesize that modulation of MKL1/2 signaling will affect the growth behavior of this particular tumor type in vivo. They test this hypothesis using siRNAs in a HCC xenograft model using the same DLC1-deficient HCC cell lines. MKL1/2 knockdown significantly impaired tumor growth, but only MKL1 knockdown prevented tumor recurrence. In addition, MKL1 knockdown was sufficient to impair tumor growth via induction of senescence. Based on data from this single xenograft model, the authors believe that MKL1 modulation represents a promising therapeutic strategy to treat DLC1-deficient HCC.
The major strengths of this paper: 1. The findings provide further support of their mechanistic explanation linking MKL1/2 and growth of solid tumors 2. One of the first demonstrations of the therapeutic potential of targeting MKL1/2 Major Concerns:
1. There is a lack of experimental detail, particularly with regard to the 'n' for the experiments shown. This should be clarified throughout and all experiments showing statistical significance need to have been performed a minimum of 2 times. 2. In Figure 1 , the investigators should show a western blot of the cell lines expressing roughly equivalent amounts of MKL1/2. Also is Fi 1, better labels are needed on figures (e.g. For Fig 1B, under controls maybe put Scr; for Fig 1E, Figure 2 , why did you use a Tet-off system if you are not taking advantage of this? (e.g. performing experiments on identical calls + and -dox and show that MKL1 returns to cytoplasm? DAPI staining should be shown for Fig 2B. For Fig 2D, the investigators should show controls without active RhoA. Is the active RhoA affecting cell growth compared to controls? Also, is ther partial rescue of HuH6/7 + MKL1/2 KD + RhoAV14? 6. For the data shown in Figure 4 , HepG2 should also be quantified in Fig 4A . Also, the authors should label IP and IB. Also, the authors should indicate and discuss that U0126 can also affect mTOR. 7. For the data shown in Figure 5 , does re-expression of DLC1 overcome MKL1/2 KD and prevent the anti-proliferative effect of KD? 8. For the data shown in Figure 6 , an excellent control would be HepG2 xenografts not responding to the MKL1/2 KD.
Minor concerns: 1. Why were some standard techniques not used -GTPase pull down, Ki67? 2. What is the prognostic significance of DLC1+ versus deficient HCC -can prognosis be subclassified based on DLC1 or MKL1/2 expression/dependence? 3. What about the MKL1 inhibitor CCG-1423? Can this be used in early stage cirrhotic lesions to prevent MKL1/2 nuclear localization, and therefore prevent progression to HCC? 4. Knockdown of MKL1 systemically as a therapeutic strategy might have systemic effects. Minimally, the investigators should indicate what toxicities they assessed for, and the discussion should include potential side effects of systemically blocking MLK1 and 2 (e.g. platelet counts, hepatocyte maturation) 5. How might these results link with the role of MKL1 in leukemia? 6. Does DLC1 deficiency affect Ras activity? Is Ras mutated in any of these cell lines employed? 7. For completeness, Fig 1 should include MKL1 mRNA for the HuH6 cell line. 8. In Figure 3 , the authors need to clarify what day after MKL1/2 KD the studies were performed. 9. In figure 6D , why were other siRNA conbinations not shown and quantitated? How were the 5 40x fields per sample collected? What is the n? Why is there no error bar for the third column expressing active RhoA (Morin et al, 2009 ). To test whether MKL1/2 knockdown could cause activation of Ras/Erk by decreasing RhoA activity, we assessed the RhoA activation status by using a Rho G-LISA assay as described previously (Muehlich et al, 2012 We are currently testing the hypothesis whether MKL1/2 target genes might mediate the effects of MKL1/2 KD on Ras/Erk activation. Consistent with this hypothesis, Descot and colleagues found a negative crosstalk between the actin-MKL1 and the MAPK pathway via the MKL target gene mig6 (Descot et al, 2009 ). However, we believe that a detailed analysis of such a crosstalk is beyond the scope of the present paper.
However, in order to address the issue raised by the reviewer in the manuscript, we added the following sentences on page 16:
Descot and colleagues found a similar negative crosstalk between the actin-MKL1 and the MAPK pathway via the MKL target gene mig6 (Descot et al, 2009 ). Mig6 or other MKL target genes might mediate the effect of MKL1/2 KD on Ras activation. This will be an important question to resolve. . Furthermore, phosphorylation of ERK1/2 and p16 expression was strongly increased upon MKL1/2 knockdown, indicating that oncogene-induced senescence is the mechanism underlying the inhibitory effect of MKL1/2 on cell proliferation (Fig. R4, this rebuttal) . Taken together, these data demonstrate that knockdown of DLC1 renders the cells responsive to the effects of MKL1/2 siRNA on cell proliferation.
Does knockdown of DLC1 expression in
We added the following section on page 6 (results), page 8 (results) and on page 15 (discussion):
Results page 6:
To ultimately test whether DLC1 deficiency plays a causal role in the MKL1/2 knockdownmediated growth arrest, an shRNA vector targeting DLC1 was introduced in HepG2 cells, resulting in a knockdown efficiency of 83% on DLC1 protein levels ( Fig. 1 G) . We observed enhanced cell proliferation in HepG2 cells expressing DLC1 shRNA as compared to control shRNA populations.
Knockdown of MKL1/2 in HepG2 DLC1 shRNA expressing cells abolished the pro-proliferative effect of DLC1 knockdown (Fig. 1H) , demonstrating that DLC1 deficiency renders HepG2 cells responsive to the effect of MKL1/2 knockdown on cell proliferation.
Results page 8:
Positive SA-ß-gal activity upon MKL1/2 knockdown was detectable only after depletion of DLC1 expression in HepG2 DLC1/MKL1/2 double knockdown cells.
Discussion page 15:
HepG2 cells became responsive to the effect of MKL1/2 knockdown on cell proliferation only after depletion of DLC1 expression.
3. Is regression of xenografts associated with senescence in the tumors of the animals?
Response: To provide evidence that regression of xenografts is associated with senescence, we directly determined p16 INK4a expression, the hallmark of senescent cells (Michaloglou et al, 2005) .
P16
INK4a mRNA expression was significantly elevated in tumours of mice treated with MKL1+2 siRNAs. We were able to verify the other candidate senescence markers from Fig. 4 in vivo, such as phosphorylation of p53 at Ser15 and an accumulation of histone H3 methylated on lysine 9 (H3K9me3). CXCL10 mRNA as a component from the senescence-associated secretome, was also strongly enhanced in the MKL1+2-depleted tumours. Furthermore, we assayed the tumours for the presence of cells that are actively proliferating by measuring Ki-67 levels, and found a strongly reduced Ki-67 mRNA expression in the tumours. Taken together, these data demonstrate that the regression of the xenografts is associated with senescence.
We have revised The regression of the tumor xenografts was associated with senescence, because p16 Ink4a mRNA expression was significantly elevated and the candidate senescence markers, such as accumulation of histone H3 methylated on lysine 9, phosphorylation of p53 at serine 15 and enhanced expression of the senescence-associated chemokine CXCL10 mRNA, were detectable in the tumors of the animals treated with MKL1 and 2 siRNA.
B. Overinterpretation of the xenograft studies.
Subcutaneous tumor xenografts are not HCCs! The last sentence of the Results section exemplifies this misconception and is extremely misleading: 'Moreover, MKL1 knockdown alone is sufficient to abrogate HCC tumor growth….'.
To reach more meaningful conclusions, a better animal model should be employed, which reflects the biology of HCC.
Response:
We thank reviewer 1 for his suggestion to employ a better animal model. Unfortunately we are not able to take advantage of the mouse models of HCC, because murine HCCs don't contain DLC1
deletions (Xue et al, 2008) . In contrast, DLC1 is deleted in 50% of liver, breast, lung and 70% of colon cancers, implying an important role of DLC1 loss in human cancer (Lahoz & Hall, 2008) .
Based on our findings, DLC1 loss is the prerequisite for the effect of MKL1/2 depletion on HCC cell proliferation. The latter two reasons made the xenograft mouse model using human HCC cells ideally suited to assess the therapeutic efficacy of MKL1/2 knockdown in vivo.
In an attempt to address the critique of reviewer 1, we set out to establish a rat HCC model. In this model, syngeneic McA-RH7777 rat HCC cells are infused via the portal vein to establish multifocal HCC lesions within the liver (Shinozaki et al, 2004) . Characterization of the rat HCC cells revealed, however, that they express DLC1 and exhibit cytoplasmic MKL1 localization ( Fig. R5 and R6, this rebuttal). Based on our finding of an essential role of DLC1 loss and concomitant MKL1 nuclear localization for HCC cell proliferation, we couldn't use the rat HCC model. We conclude that DLC1 loss is a characteristic feature of human HCCs that doesn't occur in mice and rats. For these reasons,
we chose the xenograft model using human HCC cells. We refrained from implanting the HCC cells directly into the livers of the nude mice, because the delivery of the PEI/siRNA complexes to the liver has not been tested before and performing pharmacokinetics studies on the delivery of the PEI/siRNA complexes is beyond the scope of this study. The complexation of the siRNA has been optimized for subcutaneous tumor xenografts. We agree with the reviewer that these subcutaneous tumor xenografts are not bona fide HCCs and refer to as "HCC xenografts" throughout the paper on the following pages: This statement completely neglects to observations of MKL fusion proteins being causative to some leukemia formation.
We are grateful to Reviewer 1 for pointing out that information about the MKL1 fusion protein in megakaryoblastic leukemia is missing.
We added the following sentence in the introduction on page 4: This is reminiscent of the MKL1 fusion protein with the RBM15 gene (a.k.a. OTT), which is a translocation found in acute megakaryoblastic leukemia. RBM15-MKL1 is constitutively nuclear and activates SRF and its target genes (Descot et al, 2008; Ma et al, 2001; Mercher et al, 2001 ).
Results:
There is some residual DLC1 signal in lane 1 (HuH7). Is this an artifact of this gel or is there some true DLC1 expression?
We apologize for the artifact of the gel. We inserted a clean western blot displaying the DLC1 protein expression in revised Fig. 1A .
3. Material and Methods: The origin (supplier) and specificities of the anti-MKL1 and anti-MKL2
antibodies are not revealed.
The rabbit anti-MKL1 serum was generated by injecting rabbits with glutathione S-transferase (GST)-MKL1 (amino acids 601 to 931) purified from Escherichia coli. Antiserum to MKL2 was generated by injecting rabbits with GST-MKL2 (amino acids 703 to 1049) purified from E.coli, as described by Cen et al. (Cen et al, 2003) . We apologize for the lack of information about the anti-MKL1 and anti-MKL2 antibodies and added the two aforementioned sentences on page 18.
Referee #2: Major points:
1. Whereas the effects of MKL1/2 knockdown in inhibiting cancer cell growth in vitro and in vivo are well demonstrated, the detection of OIS is not performed adequately. SAbGal assay absence is sufficient to conclude that there is no senescence but its presence is not sufficient to conclude that there is senescence. Other senescence markers are required such as components of the senescence associated secretome (IL8...) and/or DNA damage or its signalling induction. This is required in Figure 4 to conclude that MLK1/2 KD cells are in senescence.
Response: To further corroborate that depletion of MKL1 and 2 results in oncogene-induced senescence, we evaluated additional senescence markers.
DNA damage: Di Micco and colleagues have shown that oncogene-induced senescence is a consequence of the activation of a robust DNA damage response, characterized by p53 phosphorylation on S15 (Di Micco et al, 2006) . p53 Ser15 phosphorylation was observed in HuH7
and HuH6 MKL1/2 KD cells (new Fig. 4F ), but not in HepG2 MKL1/2 KD cells, further supporting the establishment of oncogene-induced senescence in these cells.
Senescence-associated heterochromatic foci (SAHFs): Senescence is associated with global changes in chromatin structure, leading to a replacement of histone H3 acetylation by methylation at lysine 9 in senescence-associated heterochromatin foci (SAHFs) (Narita et al, 2003) . We observed an accumulation of histone H3 methylated on lysine 9 (H3K9me3) in HuH7 and HuH6 MKL1/2 KD, but not in HepG2 MKL1/2 KD cells, confirming that MKL1/2 KD cells are in senescence (new Fig.   4G ).
Senescence-associated secretome (SAS): The induction of senescence requires several secreted factors, collectively termed as "senescence-messaging secretome" (Kuilman and Peeper, Nature
Reviews Cancer 2009). To identify SMS factors, we performed a microarray in HuH7 and HuH7
MKL1/2 KD cells. We found a profound increase in chemokine (C-S-C motif) ligand 10 (CXCL10) and TNFSF10 mRNA expression in HuH7 MKL1/2 KD cells, which has previously been reported as being secreted by senescent cells (Braumuller et al, 2013; Cahu et al, 2012; Dabrowska et al, 2011 ).
The evaluation of additional senescence markers reads as follows in the result section (page 10) and discussion (page 17):
Results page 10:
To further corroborate that depletion of MKL1/2 induces senescence, we evaluated additional senescence markers for DNA damage and senescence-associated heterochromatic foci (SAHF). We observed p53 Ser15 phosphorylation as an indicator for DNA damage and an accumulation of Histone H3 methylated on lysine 9 in SAHF upon MKL1/2 depletion in HuH7 and HuH6 cells, confirming that these cells are in senescence (Fig. 4F, G) .
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The induction of senescence requires several secreted factors, referred to as "senescence-messaging secretome (SMS)" (Kuilman & Peeper, 2009 ). To identify SMS factors, we performed a microarray in HuH7 and HuH7 MKL1/2 KD cells and found a significant increase in chemokine (C-S-C motif) ligand 10 (CXCL10) and TNFSF10 mRNA expression in HuH7 and HuH6 MKL1/2 KD cells ( Fig (Narita et al, 2003) . The induction of senescence requires several secreted factors, collectively termed as "senescence-messaging secretome" (SMS) (Kuilman & Peeper, 2009 ).
Amongst the SMS factors, the expression of the chemokine (C-S-C motif) ligand 10 (CXCL10) and TNFSF10 was significantly increased upon MKL1/2 depletion. Both CXCL10 and TNFSF10 have been shown to drive numerous human cancers into senescence (Braumuller et al, 2013) . The evalulation of these additional senescence markers in vitro and in vivo in HuH7 mouse tumor xenografts provides further evidence that depletion of MKL1 and 2 induces senescence. (Figure 6 ), the number of SAbGal positive cell is of 2% in the ctrl vs 4% siMKL1. This differential is too low to conclude that there is an increased SAbGal activity that might explain the phenotype, in addition this requires other(s) senescence markers.
For the in vivo experiments

Response:
The reviewer is right that the difference in Fig. 6D is too low; a clear result is now displayed in revised Fig. 6G .
To further corroborate that depletion of MKL1 and 2 results in senescence induction in vivo, we directly determined p16 INK4a expression, the hallmark of senescent cells (Michaloglou et al, 2005) .
P16
INK4a mRNA expression was significantly elevated in tumours of mice treated with MKL1+2 siRNAs (revised Fig. 6D ). We were able to verify the other candidate senescence markers from Fig.   4 in vivo, such as phosphorylation of p53 at Ser15 and an accumulation of histone H3 methylated on lysine 9 (H3K9me3) (revised Fig. 6D ). CXCL10 mRNA as a component from the senescenceassociated secretome, was also strongly enhanced in the MKL1+2-depleted tumours (revised Fig.   6D ). Furthermore, we assayed the tumours for the presence of cells that are actively proliferating by measuring Ki-67 levels, and found a strongly reduced Ki-67 mRNA expression in the tumours (revised Fig. 6C ). Taken together, these data demonstrate that the regression of the xenografts is associated with senescence. Response:
To prove experimentally that constitutive expression of active Ras is able to induce OIS in HuH7 cells, we introduced an activated ras allele (H-rasV12) into HuH7 cells using retroviral transduction.
On the fourth day postinfection, we were able to detect enhanced pERK, p16 expression, hypophosphorylation of Rb and phosphorylation of p53 at Ser15 in HuH7 and HuH6 cells (revised For the retroviral transduction, amphotropic Phoenix packaging cells were transfected by calcium phosphate DNA precipitation with the pBabe puro H-Ras V12 plasmid. After 48 hours, the virus containing supernatant was filtered (0.45 µM filter; Millipore) and supplemented with 4 µg/mL polybrene (Sigma-Aldrich, Taufkirchen).
- Figure 4 : Efficiency of UO126 treatment should be checked by performing immunoblot against phospho-ERK in MKL1/2 KD cells.
We prepared a corresponding western blot (new Fig. 4C ) showing that UO126 treatment prevents phosphorylation of ERK.
- Figure 4 : Involvement of p16 should also be check by performing its knockdown in MLK1/2 KD cells.
To examine whether the expression of p16 INK4a is necessary for senescence induction by MKL1/2 depletion, we performed siRNA-mediated p16 knockdown prior to lentiviral transduction with MKL1/2 shRNA and analyzed phosphorylation of Rb. As a result, hypophosphorylation of Rb was observed upon MKL1/2 knockdown, but not upon p16 INK4a / MKL1/2 double knockdown. These results suggest that p16 expression is required for senescence induction.
This text can be found on page 10 and the corresponding figure S5.
We are grateful to Reviewer 2 for pointing out that the growth curves depending on the DLC1 expression are missing. We added a growth curve in Fig. 5B , displaying DLC1-negative HuH7 with and without a Tet-off regulated promoter to express DLC1. DLC1 expression provokes a proliferation arrest in HuH7 cells, which is released upon switching off DLC1 expression by adding doxycycline. We added the following sentence on page 11: "We observed that HuH7 cells stopped to proliferate upon expression of DLC1".
To further substantiate that the proliferation arrest induced by DLC1 reconstitution is due to senescence induction, we display two additional senescence markers, p53 Ser15 and H3K9me3, in HuH7 and HuH7 DLC1 cells with dox and without doxycycline. In revised Fig. 5D , we compared the remaining senescence markers to HuH7 DLC1 cells with doxycycline.
We would like to thank Reviewer 2 for the useful comment. In Fig. 6A , we sought to introduce another treatment group by using MKL1 and MKL2 siRNA-PEI complexes to confirm the strong effect of MKL1/2 on tumor growth. In order to determine to which extent MKL1 siRNA alone contributes to the inhibitory effect of the MKL1 and MKL2 siRNA-PEI complexes, we included a MKL1 siRNA treatment group. Surprisingly, we found that MKL1 siRNA alone was as effective in inhibiting tumor growth as MKL1/2 siRNA. We will be investigating further the relative contribution of MKL1 to hepatocarcinogenesis, which is beyond the scope of this paper.
Referee #3: Major Concerns:
1. There is a lack of experimental detail, particularly with regard to the 'n' for the experiments shown. This should be clarified throughout and all experiments showing statistical significance need to have been performed a minimum of 2 times.
We apologize for the lack of experimental detail. The figure legends of the revised paper contain now information about the number of experiments and the statistical analysis.
2. In Figure 1 , the investigators should show a western blot of the cell lines expressing roughly equivalent amounts of MKL1/2. Also is Fi 1, better labels are needed on figures (e.g. For We have clarified this issue for the readers by adding one sentence on page 6 that reads:
"Therefore HLF and HepG2 cells have little active nuclear MKL1/2". Figure 2 , why did you use a Tet-off system if you are not taking advantage of this? (e.g. performing experiments on identical calls + and -dox and show that MKL1 returns to cytoplasm? DAPI staining should be shown for Fig 2B. For Fig 2D, the investigators should show controls without active RhoA. Is the active RhoA affecting cell growth compared to controls? Also, is ther partial rescue of HuH6/7 + MKL1/2 KD + RhoAV14?
For the data shown in
In the revised manuscript, we took advantage of the Tet-off system and show that MKL1 returns to the cytoplasm upon treatment with doxycycline in revised Fig. 2C and modified the text on page 7 accordingly. We also inserted a DAPI staining in Fig. 2 and a control graph without active RhoA in Fig. 2D . There was a significant increase in cell proliferation in RhoAV14-expressing and control HepG2 cells. As suggested by the reviewer, we also introduced RhoAV14 into HuH7 cells and found no difference in cell proliferation between HuH7 and HuH7 RhoAV14-expressing cells. This is likely to be due to the constitutive activation of RhoA in HuH7 cells.
6. For the data shown in Figure 4 , HepG2 should also be quantified in Fig 4A . Also, the authors should label IP and IB. Also, the authors should indicate and discuss that U0126 can also affect mTOR.
We quantified HepG2 in Fig. 4A and labeled the IP and IB. To indicate that UO126 can also affect mTOR, we added the following sentence on page 15:
According to a previous study, UO126 suppresses senescence by inhibiting the MEK/ mTOR pathway (Demidenko et al, 2009) . MTOR might therefore also contribute to the pro-proliferative effect of U0126 in HuH7 MKL1/2 KD cells.
7. For the data shown in Figure 5 , does re-expression of DLC1 overcome MKL1/2 KD and prevent the anti-proliferative effect of KD?
Based on our findings, both DLC1 expression and MKL1/2 KD have an antiproliferative effect. We therefore didn't perform this experiment.
8. For the data shown in Figure 6 , an excellent control would be HepG2 xenografts not responding to the MKL1/2 KD. We assessed for liver toxicity by histological evaluation of the livers of mice treated with MKL1/2 siRNA (revised Fig. S10 ). Importantly, no signs of liver damage such as imflammation, necrosis, steatosis or fibrosis were detected. This is stated on page 19 and page 13 (last sentence).
5. How might these results link with the role of MKL1 in leukemia?
MKL1 was originally identified at a t(1;22) chromosomal translocation of megakaryoblastic leukemia (Ma et al, 2001; Mercher et al, 2001) . MKL1 was fused with the RBM15 gene (a.k.a.
OTT) to form an RBM15-MKL1 fusion protein, which localizes to the nucleus and constitutively activates SRF and its target genes (Descot et al, 2008) . This is reminiscent of the situation in HuH7 cells, where MKL1/2 are constitutively localized to the nucleus and activate MKL/SRF target genes (Muehlich et al, 2012) . Given that the leukemia has been shown to be caused by activation of SRF target genes, the potential for a MKL1/2 targeted therapy hold prospects.
We inserted the following sentence in the introduction (page 4):
This is reminiscent of the MKL1 fusion protein with the RBM15 gene (a.k.a. OTT), which is a translocation found in acute megakaryoblastic leukemia. RBM15-MKL1 is constitutively nuclear and activates SRF and its target genes (Descot et al, 2008; Ma et al, 2001; Mercher et al, 2009 ).
6. Does DLC1 deficiency affect Ras activity? Is Ras mutated in any of these cell lines employed?
We found that DLC1 deficiency didn't affect Ras activity. Out of the four cell lines, one (HepG2) has a N-ras mutation at codon 61 position 2 (Hsu et al, 1993) . Response:
The studies in Fig. 3 were performed at the 7 th day postinfection. This is now indicated in the Figure legends.
9. In figure 6D , why were other siRNA conbinations not shown and quantitated? How were the 5 40x fields per sample collected? What is the n? Why is there no error bar for the third column 
R6
DLC1
HSP90
McA-RH7777 HuH7 Figure R6 . Lysates of HuH7 and McA-RH7777 cells were subjected to immunoblotting using anti-DLC1 and anti-HSP90 antibodies. Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have now received the enclosed reports from the Reviewers that were asked to re-assess it. As you will see the reviewers are now globally supportive and I am pleased to inform you that we will be able to accept your manuscript pending the following final amendments:
Reviewer 3 feels that the manuscript would be enhanced by a model indicating the proposed connections that are not yet understood -for example, how loss of MKL1 and 2 leads to Rho activation. I think this is a good idea that would improve the impact of your work and I therefore encourage you to do this. I will make an Editorial decision on your revised manuscript and will thus not be sending out the manuscript to the Reviewer again.
Please submit your revised manuscript within two weeks. I look forward to seeing the revised, final form of your manuscript as soon as possible.
***** Reviewer's comments ***** Referee #1 (Remarks):
The revision has greatly improved the manuscript and I recommend its publication in the present form.
Referee #2 (Remarks):
the authors have adressed the various points I have raised during the review process.
Referee #3 (Remarks):
In this revision, the authors have addressed most of my concerns. There are still many unanswered questions/unknown links in their data.
I would ask for one more modification -the paper would be greatly enhanced by a model of what they think is going on with question marks indicating the proposed connections that are not yet understood -for example, how loss of MKL1 and 2 leads to Rho activation.
The strength of the paper is this that they have shown using cell lines that when a cell line is dependent on loss of LC1 for proliferation, then this proliferation requires MKL1 and 2. Unfortunately, they showed already (Oncogene 2012). So, this additional information is not great. What is new in this manuscript is that the authors determined that the growth inhibition is not via apoptosis, but via cell cycle arrest and senescence. In this revision, the senescence phenotype was further proven.
2nd Revision -authors' response 17 June 2013
Thank you for the decision letter. I'm glad that you will be able to accept our manuscript. Please find enclosed a model indicating the proposed connections between MKL1/2 loss and senescence induction. It is inserted as new Fig. 7 in the revised manuscript that I submitted yesterday. The corresponding figure legend (see attachment) on the last page of the revised manuscript reads as follows: Figure 7 Proposed model for senescence induction upon MKL1/2 depletion: DLC1 loss results in RhoA activation and MKL1/2 nuclear localization. Depletion of MKL1/2 induces cellular senescence via activation of the Ras/MAPK and p16INK4a/pRb pathways. It is currently unclear how MKL1/2 depletion causes Ras activation, however, impaired expression of MKL target genes such as mig6, a negative regulator of the EGFR-MAPK cascade, could mediate Ras activation.
Please let me know if Fig. 7 needs another modification. I look forward to hearing from you. Thank you for re-submitting your manuscript to EMBO Molecular Medicine. Please refer to the above altered number in any correspondence regarding this manuscript.
However, checking your manuscript files I noticed that the resolution of the gels in your supplementary information is really low. Please try to improve their quality and send us a new supplementary information PDF via email to contact@embomolmed.org.
Thank you very much in advance.
We will now re-evaluate your submission and will contact you again on completion.
Additional correspondence -author 21 June 2013
Thank you for your email. We improved the quality of the resolution of the gels in our supplementary information. Please find the revised supplementary information attached to this email.
